Age-related macular degeneration (AMD) is an important cause of visual loss in the geriatric population. Several landmark articles describe the patient profile, clinical features, risk factors, and final anatomical and visual outcomes in AMD in the Caucasian and Indian population.\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6]\] Also, most of these studies are population-based ones, some with a follow-up extending up to two decades. They describe the natural course of the disease, and alterations in the same with intervention. However, there is a relative paucity of literature on the type and stage of AMD in a hospital-based setting, especially in the Indian subcontinent.

The Andhra Pradesh Eye Disease Study was a population-based analysis performed by our institute in the year 1996--2000 that analyzed the incidence and prevalence of AMD in Southern India.\[[@ref7]\] The overall prevalence of AMD ranges from 1.8% to 4.7% of the general population in South India.\[[@ref8]\] Other studies have also looked at the prevalence of AMD in different geographic regions in India.\[[@ref4][@ref9]\] Although population studies are excellent tools for determining the incidence, prevalence and risk factors of AMD, a detailed analysis of these patients (using angiography, optical coherence tomography \[OCT\], and its interpretation by a retina specialist) is only possible at a Tertiary Eye Care Retina Center. Finally, while trials provide excellent insight into the efficacy and safety of a particular intervention for a particular disease, it is imperative to know the practical points that must be worked out to ensure wider applicability in the population at large.

The current study was performed with the aim of determining the natural history, patient profile, clinical features, stage and type of AMD, and finally a real life scenario of treatment patterns as identified in a Tertiary Eye Care Retina Center when followed up over a period of 5 years. The study also reports the number of patients with early or intermediate AMD, who progress to develop advanced disease and outcomes over a 5-year period in a Tertiary Eye Care Retina Center.

Methods {#sec1-1}
=======

Patients, who were diagnosed to have AMD in 2008 with a minimum follow-up of 5 years, constitute the study population in this retrospective analysis. Informed consent was obtained from all patients. The study was approved by the Institutional Review Board. The study adhered to the tenets of the Declaration of Helsinki.

For inclusion, patients were required to have any form of AMD, as per age-related eye diseases study (AREDS) protocol\[[@ref10]\] with a minimum follow-up of 5 years. A thorough history was obtained from the patients about the onset of symptoms as well as about their past complaints, systemic illnesses, the use of medication, past ocular, and systemic surgery as well as details of habits such as smoking and alcohol consumption. If positive, an assessment was made to determine the extent of use of smoking and alcohol. Details of systemic diseases and therapy were obtained from the patients and examination of their records, and this information was updated at each follow-up. Collected data included demographics, the best-corrected visual acuity (BCVA) at baseline and last visit, details of the ocular and systemic exam, and imaging details including fundus fluorescein angiography (FFA) at baseline, spectral domain (SD)-OCT scans at baseline. Iris color was noted on clinical examination and mentioned in the charts. BCVA assessed using Snellen\'s chart and was converted to logarithm of the minimum angle of resolution (logMAR) for statistical analysis. Lens grading was performed as per the standard emery and little classification.\[[@ref11]\]

The diagnosis was confirmed, and subanalysis performed through fundus photography, including fundus autofluorescence (FAF) images, OCT analysis and, when required, with the help of fluorescein and indocyanine green angiography. The images were obtained and graded independently by one trained retina specialist (AS).

AMD was classified as per AREDS protocol.\[[@ref10]\] Patients with multiple small drusen, few intermediate drusen (63--124 microns in diameter), or retinal pigment epithelium abnormalities were considered to have early AMD. Patients with extensive intermediate drusen and at least one large druse (≥125 microns in diameter), or geographic atrophy not involving the center of the fovea were considered to have intermediate AMD. Patients with geographic atrophy involving the fovea and/or any of the features of neovascular AMD were considered to have late AMD.

Imaging procedures {#sec2-1}
------------------

### Color fundus photograph {#sec3-1}

Color fundus photographs were obtained using the standard seven fields as per the Early Treatment Diabetic Retinopathy Study classification, and the image centered on the disk and fovea was used for analysis using a mydriatic camera (Zeiss FF450, Carl Zeiss Meditec, Jena, Germany).

### Fundus autofluorescence {#sec3-2}

FAF imaging was performed with a confocal scanning laser ophthalmoscope (Heidelberg Retina Angiograph 2; Heidelberg Engineering, Dossenheim, Germany) and the same operator acquired all images. For the acquisition of FAF images, a standard procedure was followed, which included focusing of the retinal image in the infrared reflection mode at 820 nm, sensitivity adjustment at 488 nm, and acquisition of 30° FAF images, which encompassed the entire macular area and at least part of the optic disc. Images were digitized and saved on hard discs for further analysis and processing.

### Spectral domain optical coherence tomography {#sec3-3}

SD-OCT was performed for both eyes in all patients with dilated pupils (pupillary dilatation with tropicamide 1% eye drop) using RTVue SD-OCT Machine (Optovue, Inc., Freemont, CA, USA) or Cirrus HD-OCT (Carl Zeiss Meditec, Inc., Dublin, CA, USA). Six mm line scans were performed through the central macula along with a two-dimensional raster scan and a three-dimensional reconstruction of macula centered over the fovea.

### Fundus fluorescein angiography {#sec3-4}

FFA was performed using 20% fluorescein dye and the Zeiss Visucam Lite (Zeiss Meditec, India).

Treatment procedures {#sec2-2}
--------------------

### Photodynamic therapy {#sec3-5}

Photodynamic therapy (PDT) with verteporfin (Novartis Pharmaceuticals, East Hanover, New Jersey, USA) (6 mg/m^2^ intravenously) followed by irradiation (spot size of 1000 microns guided by fluorescein angiography at 600 mW/cm^2^ with 692 nm of light for a total fluence of 50 J/cm^2^) for 83 s, 15 min after infusion initiation (similar to the protocol for treatment of neovascular macular degeneration) was performed.

### Anti-vascular endothelial growth factor therapy {#sec3-6}

Treatment consisted of intravitreal injection of 1.25 mg/0.05 mL of bevacizumab (Avastin; Genentech, South San Francisco, CA, USA) or 0.5 mg/0.05 mL of ranibizumab (Lucentis; Genentech, South San Francisco, CA, USA). After obtaining informed consent, injection was given as per standard protocol. Before the injection, topical anesthesia and ocular surface disinfection with 5% povidone-iodine were performed under topical anesthesia followed by a short course of topical antibiotics. The choice of agent was discussed between the patients and the treating physician.

Postoperative period was uneventful in all patients. At each follow-up, SD-OCT scans were repeated. Re-treatment was performed in case of persistence of subretinal haemorrhage on clinical examination and or persistent activity on FFA and/or persistence of subretinal or intra-retinal fluid on SD-OCT scan. In case of poor response, angiography was repeated as per physician\'s discretion. We defined a complete response as no signs of activity such as intra-retinal or subretinal fluid on SD-OCT scans.

### Combination therapy {#sec3-7}

PDT in combination with anti-vascular endothelial growth factor (anti-VEGF) injections was used for patients with CNVM not responding to anti-VEGF monotherapy as suggested by previous reports.\[[@ref12]\]

Statistical analysis {#sec2-3}
--------------------

Statistical analysis included descriptive data, the paired *t*-test and the Chi-square test, wherever appropriate. Generalized estimating equations were used to ensure that data from both eyes could be included for analyses. Based on past data, univariate analysis was performed to determine whether independent variables such as sex, iris color, phakic status, the presence of systemic diseases such as hypercholesterolemia, diabetes mellitus, and hypertension, and a history of smoking and alcoholism influenced the dependent variables such as presence of dry and wet AMD and conversion from the dry form to the wet AMD form. Factors that had significant correlation in univariate analysis were analyzed in a multivariate regression model as well to determine its significance and to eliminate confounding.

Results {#sec1-2}
=======

The study period was January 2008--December 2013. A total of 239 patients were diagnosed to have AMD as per the AREDS classification.\[[@ref10]\] After excluding 8 patients due to poor quality images and 27 patients due to follow-up of \<5 years, the final analysis was performed on 204 patients (408 eyes), and this constitutes the study.

Patient profile and complaints {#sec2-4}
------------------------------

The median age of the patients was 74.24 ± 8.23 years with a range of 63--93 years. Both eyes were included in all analyses. The most common complaint was decreased vision (385 patients; 94.5%), followed by inability to recognize faces (330 patients; 80.42%) and reading disability (78.4%). One-hundred seven patients (26.22%) had metamorphopsia. Only 17 patients (4%) of these were asymptomatic and had been referred here at the behest of an ophthalmologist with a diagnosis of AMD. [Table 1](#T1){ref-type="table"} summarizes the demographic, clinical, and investigative characteristics of all patients. Kulkarni *et al*.\[[@ref9]\] classified AMD as per international classification.
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Systemic disease, smoking, and alcohol status {#sec2-5}
---------------------------------------------

Twenty-five patients (12.25%, 22 males) had a history of smoking for at least 10 years. Of these 25 patients, only one had evidence of a choroidal neovascular membrane (CNVM); the rest had dry AMD, of which two had geographical atrophy and the rest had intermediate AMD. Forty-nine patients had a history of alcohol intake for the past 10 years at least. Four of these 49 patients had CNVM while two had a disciform scar; seven had geographic atrophy, and the rest had early form of dry AMD.

Twenty-eight patients had Type II diabetes while 31 patients had hypertension. Twenty-nine patients had dyslipidemia. Ten patients had Type II diabetes and hypertension while 13 patients had all three co-morbidities. None of the patients with these systemic co-morbidities had any evidence of retinopathy secondary to these specific conditions. Fourteen patients were on anticoagulants.

Anterior segment examination {#sec2-6}
----------------------------

Two hundred twenty-six (55.39%) eyes were phakic with 148 (36.27%) of these had some evidence of cataract. One hundred seventy-four (42.67%) eyes were pseudophakic, and 8 (1.96%) eyes were aphakic. The predominant iris color was brown (384 eyes, 94%) followed by green (21 eyes, 5.2%) and grey/blue (3 eyes, 0.8%) eyes. Of the 148 phakic patients, 67 underwent cataract surgery in 5 years follow-up period, and this was included in the final VA analysis. Twenty-eight pseudophakic patients required a neodymium-doped yttrium aluminum garnet laser capsulotomy in the period of 5 years. This was factored in when determining the final VA.

Wet age-related macular degeneration {#sec2-7}
------------------------------------

Seventeen eyes (4.16%) had active choroidal neovascularization of which 12 (70.58%) had a predominantly occult configuration and the rest had a predominantly classic configuration. Of the 17 eyes with active CNVMs, 6 eyes had a subfoveal lesion while 11 eyes had an extrafoveal lesion. Nineteen eyes (4.65%) had scarring CNVM with minimal activity as detected on fluorescein angiography and a further 43 eyes (10.53%) had a disciform scar. These 19 eyes with scarring CNVM were more likely to have an occult configuration (14/19 eyes) and a subfoveal component (13/19 eyes).

Dry age-related macular degeneration {#sec2-8}
------------------------------------

Overall, 307 eyes (75.2%) had dry AMD and 79 eyes (19.36%) had evidence of wet AMD (including the presence of disciform scar). Of these 307 eyes, 12 eyes (3.9%) had geographic atrophy involving the fovea at presentation. At baseline, 152 (37.25%) eyes had early AMD, 143 (35.04%) eyes had intermediate, and 91 (22.3%) eyes had advanced AMD as per the AREDS classification.\[[@ref10]\] Twenty-two eyes (5.3%) had no signs of AMD on clinical examination or imaging. Forty-three eyes had a scarred CNVM at baseline.

Patients with early and intermediate AMD (*n* = 295) had been prescribed oral anti-oxidant therapy. Of these, only 72 patients continued therapy for 5 years. Two-hundred twenty patients had discontinued therapy within 2 years of initiation; however, 103 patients did not receive therapy at all.

Five years follow-up {#sec2-9}
--------------------

At 5-year follow-up, 37 (25.0%) eyes with early AMD had progressed to intermediate AMD. At 5-year follow-up, 7 eyes had active CNVM and 85 (20.8%) eyes had a scarred CNVM \[[Fig. 1](#F1){ref-type="fig"}\]. All seven eyes developed CNVM over the course of 5 years and did not have CNVM at baseline. These seven eyes received anti-VEGF monotherapy. The incidence of bilaterality (some degree of AMD in both eyes) was 93% (190 patients) at baseline and 96.56% (197 patients) at the last follow-up. The most common type of presentation among those with bilateral wet AMD was asymmetry (87.4%) wherein one eye had advanced disease (scarring/scarred CNVM) while the other eye had active choroidal neovascularization. At 5-year follow-up, 37 (18.1%) patients had CNVM in one eye and dry AMD in the other eye. At baseline, bilateral CNVMs (active) were found in 3 (7.5%) patients. At 5-year follow-up, bilateral CNVM (active) was present in 5 (12.5%) patients.

![Distribution of different stages of age-related macular degeneration among study eyes at baseline and at 5 years follow-up](IJO-63-899-g002){#F1}

The median follow-up period of these patients was 69.24 ± 5.3 months. The conversion rate of dry AMD to wet AMD was found to be 2.87% (8 eyes) at 5 years. Five eyes (60%) of those who developed CNVM over 5 years had soft drusen and pigmentary abnormalities at baseline. Likewise, the conversion rate for dry, intermediate AMD to geographic atrophy was 3.12% (5 eyes) at 5 years, and 2 eyes of these five eyes had pigmentary abnormalities and soft, indistinct drusen at baseline. None of the patients with early AMD progressed to geographic atrophy or wet AMD over the 5-year follow-up. We failed to find a significant correlation between location of soft, indistinct or reticular drusen and/or pigmentary abnormalities and the development of either geographic atrophy or CNVM (*P* = 0.69). Finally, two patients who developed CNVM over the course of 2 years were from that sub-group of patients who had received oral anti-oxidant therapy for 5 years.

Visual acuity and investigations {#sec2-10}
--------------------------------

At baseline, the median corrected distance VA (CDVA) among patients with CNVM was and 0.74 ± 0.12 logMAR (Snellen\'s equivalent 20/100 approximately) with a range of 0.2--2 logMAR. The final CDVA was significantly better, 0.57 ± 0.12 logMAR (Snellen\'s equivalent 20/60; *P* = 0.032). The most common SD-OCT findings in dry AMD were drusen (295 eyes; 96.24%) and drusenoid pigment epithelial detachments (234 eyes; 76.4%). The most common SD-OCT findings in eyes with CNVM were Type I CNVM in 19 eyes (60%) and Type II CNVM in 13 eyes (40%).

Treatment {#sec2-11}
---------

Correspondingly, 32 (54%) eyes had received therapy in the form of intravitreal injections and/or PDT at the time of analysis. Of these, 5 eyes (15%) had received PDT only (until 2008), 25 eyes (78%) had received anti-VEGF monotherapy (2008 onward), and the remaining 2 eyes (7%) had received combination therapy (2008--12). The use of PDT as monotherapy was almost eliminated after 2008 for treatment of CNVM secondary to AMD in our series. About 81.25% of all patients after 2008 who received anti-VEGF monotherapy, received bevacizumab monotherapy, remaining had both, ranibizumab and bevacizumab. The average number of injections (per patient) in the stated period was 2.8 ± 1.2 (range 1--10 injections). Twenty-four patients (75.24%) received incomplete therapy. The most common reason, as stated by the patients for discontinuation of therapy, was the financial burden imposed upon the patient by repeated injections (accounting for 80% of the dropout rate among 75% patients who did not complete treatment). Concurrent health problems, problems with transportation and unsatisfactory outcomes accounted for the remaining 20% of dropouts.

Univariate analyses {#sec2-12}
-------------------

Univariate analysis failed to show statistically significant correlation between either dry or wet AMD and the following independent variables: Gender (*P* = 0.31), profession (*P* = 0.23), sunlight exposure (*P* = 0.41), history of smoking/alcohol intake (*P* = 0.34), iris color (*P* = 0.41), phakic status (*P* = 0.44), systemic co-morbidities such as diabetes mellitus (*P* = 0.42), hypertension (*P* = 0.51), and dyslipidemia (*P* = 0.48), and the use of anticoagulants (*P* = 0.49).

Discussion {#sec1-3}
==========

The results from our study show that the AMD pattern observed in India closely matches (in most respects) that seen in past reports on AMD in India as well as the Western world.\[[@ref2][@ref3][@ref7][@ref8][@ref9][@ref10]\] This study, to the best of our knowledge, is the first from Indian subjects that give a hospital-based longitudinal perspective on the problem of AMD in the specified region. Whereas, most epidemiological studies are based on color fundus photographs; this study uses detailed information obtained from sophisticated imaging technologies to analyze in depth the distribution of various types of AMD, giving us an insight into the presenting features, the course of disease and the outcome of treatment over 5 years. Although the incidence of AMD in India is considered lower than the West, it still adds up to be a significant visual problem in the country, given the large population base.

Our analysis shows that decreased vision and/or vision-related activities were the most common symptoms at also, a fourth of the patients presented later in the course of the disease, making treatment and visual recovery difficult. Poor vision can increase the risk of other health problems, which could be the reason for delayed presentation.\[[@ref13]\]

Whereas, in the West, the number of injections per person per year has been reported to be 13 in the "as needed group" versus 23 in the monthly group over 2 years,\[[@ref19]\] and the number of injections in our study is significantly lower. This may be attributable to better education, earlier presentation, better insurance cover, and financial capabilities in Western countries.\[[@ref14][@ref15][@ref16][@ref17][@ref18]\] This, however, needs to be analyzed further.

The incidence of late AMD as noted in our study (13.81%) matches very closely with another hospital-based study (15%) from India.\[[@ref9]\] The study by Kulkarni *et al*.\[[@ref9]\] was cross-sectional in nature and based on clinical photographs and the authors were thus unable to comment on the CNVM type or the conversion rate. Occult CNVM was the most common type of CNVM noted in our analysis, and this is similar to past reports.\[[@ref22]\] The incidence of bilaterality of CNVM (any stage) was 11.27% at 5 years. The hospital-based design accounts for the vast difference noted between our study and other population-based analyses.\[[@ref20][@ref21][@ref23]\]

The trend of treatment for AMD as observed in our study follows closely that seen in a recent hospital-based study from Singapore and India that reports increasing numbers of injections beginning 2008, with the number of injections doubling over 3 years.\[[@ref24]\] This reflects the immense change effected by the introduction of anti-VEGF agents.

Curiously, as opposed to past studies, we could not find any significant correlation between smoking\[[@ref25]\] or the presence of systemic disorders such as diabetes or hypertension and AMD. We did not find any relation between the smoking status and the type of AMD (dry or wet). We believe that this is so because the data is from a hospital setting and likely to be biased. Also, smoking exposure was not evaluated through standardized questionnaires. Notwithstanding, there have been other studies from Asia that have failed to demonstrate a strong correlation between smoking and AMD.\[[@ref9][@ref26]\]

The retrospective nature of the study, the limited geographic reach and the small numbers of patients are the main limitations of the study. Another limitation is that these data are from a referral center and, hence, the results cannot be applied to the population at large. Finally, with very few patients developing CNVM, it is worthwhile noting that the OCT characteristics we described lack power. In spite of these limitations, we present several features of interest: This study gives us an accurate and real life scenario of the burden of disease and problems with therapy in a Tertiary Eye Care Centre. The hospital-based setting allows in-depth analysis of the various stages of AMD and identifies patients who would benefit with therapy since it incorporates angiography and OCT in the analysis. It makes available data that can form the basis for deciding policy on the treatment of patients with AMD who are amenable to therapy, and to rehabilitate those who have presented too late as well as identify the regions of the country that need the presence of specialists. It can form the basis for grass level education programs that educate people about this problem, encourage them to be more regular with follow-ups.

Conclusion {#sec1-4}
==========

Our study is a good attempt to explore the patient profile, type and stage of AMD at presentation, conversion to advanced AMD, and treatment pattern at a Tertiary Eye Care Center. Occult CNVM was the most common form of wet AMD at our center, with more asymmetrical presentation at baseline. Geographic atrophy is uncommon in our population, with a conversion rate of around 2.5% from intermediate AMD to advanced form of AMD in 5 years follow-up. Prospective studies that couple a larger sample size with genetic analysis and longer follow-ups are warranted to improve our understanding of AMD in the Indian population.
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